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-A  COLD  STORAGE  PLA.^T.- 

Cold  stoT3.Qe  buildings  are  used  for  the  preservation 
of  perishable  ,<joods  in  a  low  temperatTire ,  v/hich  prevents  decay. 
The  goods  are  placed  in  rooms,  and  are  there  kept  sometimes 
for  months,  separate  rooms  being  usually  necessary  for  different 
kinds  of  goods,  not  only  because  different  substances  often  act 
on  end  effect  one  another,  but  also  because,  as  experience 
shows,  they  require  different  temperatures  for  their  preserva- 
tion. 

For  the  proper  preservation  of  goods,  it  is  necessary 
fl)  that  the  air  should  be  often  renewed;  f?J  that  the  air 
should  have  the  proper  amount  of  moisture;  (3)  that  the  tem- 
perature should  remain  within  certain  limits. 

The  first  requisite  is  obtained  by  a  proper  system 
of  ventilation,  the  second  by  a  careful  use  of  the  hygrometer 
and  psychrometer  for  ascertaining  the  relative  humidity  of  the 
air,  care  being  taken  not  to  have  the  air  too  dr^s  as  this  may 
result  in  the  evaporation  of  the  goods,  nor  too  damp,  as  this 
will  cause  mold  or  mustiness.     The  amount  of  moisture  that 
air  can  absorb  increases  more  rapidly  than  the  temperature. 
When  the  air  enters  the  room  it  is  frequentli^-  very  damp,  and  a 
part  of  the  moisture  will  be  precipitated  on  the  pipes  as  the 
temperature  falls,  where  it  vdll  freeze.     The  temperature  is 
controled  by  the  refrigerating  machine.      The  brine-circulation 
system  has  in  general  been  found  somewhat  superior  to  the  dir- 
ect expansion  system.     The  freezing  rooms  are  placed  on  the 
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ground  floors,  for  to  locate  them  al)Ove  the  oold  Btora^^e  roons, 
even  v/ith  the  "best  insulation,  the  ceiling  of  the  cold  storage 
rooms  will  sweat • 

The  purpose  of  insulating  a  cold  storage  freraing 
room  is  to  prevent  it  from  receiving  hrat,  either  by  radiation, 
by  conduction  or  by  connection.    Storage  roomv=J  are  insulated 
v/ith  wood  and  paper,  hir  air-spaces      lied  with  some  non-con- 
ducting material, Buch  as  saw-dust,  planing-mill  shavings, 
mineral  v/ool,  cork,  wood-ashes,  cinders,  etc. 

The  best  and  cheapest  non-conductor  is  air,  but  in 
order  to  make  this  efficient,  it  is  necessary  to  mp.ke  a  "dead 
air  space,"  that  is,  to  so  Cxiclose  the  air  on  a].l  sides  as  to 
prevent  its  circulation;  otherwise  heat  there  v^ould  be  convey- 
ed by  connection  from  the  exterior  into  the  roons.     For  this 
reason,  brick  walls  are  pitched  or  covered  v.'ith  paraf fine ,  and 
when  wood  is  used  instead  of  brick,  j^aper  is  3.aid  betv/een 
boards  so  as  to  prevent  the  escape  of  the  air  confined  in  the 
air  spaces. 

In  constructing  an  air-space  with  boards,  it  is  best 
to  use  double  boards  with  paper  between  them,  this  double 
boarding  with  paper  making  it  almost  impos.sible  for  the  air  to 
pass.     Such  construction,  however,  is  comparatively  expensive, 
and  a  single  thickness  of  board  and  an  air-space  filled  with 
some  good  non-co.nducting  raat-rial  answers  the  purpose.  In 
choosing  a  filling  material,  the  points  to  be  considered,  are 
the  following:   (l)  That  it  should  be  a  good  non-conductor;  (Z) 
That  it  should  not  be  too  hnavy,  as  then  it  is  liable  to  settle 


and  leave  a  portion  of  the  top  inRulation  unprotected;  (3) 
that  it  r.honld  not  he  affected  by  dampness  to  an:^  appreciable 
extent,  and  (4)  tha.t  it  f^hoxild  not  be  too  expennive. 

The  best  non-conductor  and  inaiilator  for  filling  an 
air  space  is  ^ramilated  cork,  but  this,  being  very  expensive, 
is  seldom  used;  it  is  li^^ht ,  is  not  affected  by  danpneos,  and 
Gonseqnent?-y  does  not  mold  or  rot.    Mineral  wool  forms  an 
excellent  non-conductor,  and  if  the  best  quality  is  purchased 

it  is  quite  light,  only  weighing  about  seven  pounds  i^er  cubic 
foot,  and  it  does  not  readily  settle  dov/n  but  is  easily  affected 
by  moisture,  and  it  then  becomes  quite  so/Tgy  and  settles  rapidly. 

Where  sufficient  headroom  is  available,  it  is  be?.t  to 
put  horizontal  strips  hfi.lf  way  up  tho  f5.11ing  in  air  spaces, 
so  as  to  divide  th^'^  fi'ling  into  two  sections.     Tnis  divides  in 
half  the  weight  of  the  f]Mling  and  prevents  its  settling.  For 
practical  purposes,  planing  mill  shavings  in  bales  can  be 
bought  at  yeri^  reasonable  rates. 

They  are  thoroughly  dry  and  are  little  affected  by 
dampness.    ?laning-mill  shavings  are  much  better  th?,n  sav^-dust, 
being  a  poorer  conductor,  less  easily  affected  by  moisture, 
and  less  liable  to  settle, 

Spriice  is  found  to  be  the  raost  satisfactory  v/ood  for 
insulating  cold  storage  rooms,  being  free  from  the  odor  of 
v^'hite  or  yellow  pine. 

Exposed  pipes  or  othor  surfaces  through  \7hich  a 
refrigerating  liquid  is  flowing  v/ill  soon  be  conveyed  with 
frost.     This  is  because  the  moisture  in  the  atmosphere  is 


deposited  on  the  pipei^  and  is  then  frozen. 

To  thoroughly  insulate  nuch  surfaces,  it  is  not  onlj'' 
necessary  to  kf>ep  the  heat  from  passin^j  throii2:h  them,  hut  to 
keep  the  air  out  or  nv.ke  the  insulation  perfectly  air  tight. 
Hair  felt  is  v^rapped  around  the  pipe,  and  then  covered  vath 
paper,  then  more  felt  and  more  pe.per,  and  so  on  for  several 
layers,  rhen  the  whole  is  sev/ed  in  canvas  and  covered  v;ith 
several  coats  of  good  water  proof  paint. 

The  first  reciuirement  of  a  cold  storage  room  being 
good  insulation,  f  11  ":indows  and  other  openings  hy  which  light 
is  admitted  to  the  room  should  he  cloned  with  light-tight 
shutters,  so  as  to  prevent  anj'"  daylight  from  entering.     If  this 
is  not  done,  radiant  heat  will  enter  the  room.     Such  windows 
can  he  closed  with  large  shutters  on  the  inside,  similar  to 
ice-house  doors,  which  can  he  opened  for 'ventilation  when 
desired.     A  cold  storage  room  sliould  he  ;;^~.rovided  with  some 
means  of  ventilation,  so  that  the  rooms  can  he  thorough3-y  aired 
and  the  air  renewed. 

Triere  are  three  methods  employed  for  maintaining  the 
temperatures  of  cold  storage  and  freer.ing  rooms.  The  first  is 
by  means  of  direct  radiation,  where  the  brine  pipes  are  run  in 

the  room  and  the  brine  is  allowed  to  circulate  through  them. 
The  second  is  by  indirect  radiation,  v-'here  the  pipe  coils  are 
placed  in  a  coil  bunker  on  the  upper  floor  and  tjie  air  is  al- 
lowed to  descend  to  the  floors  below  by  gravity,  and  after 
absorbing  heat  it  is  retiirned  to  the  coil  bunker  by  ne:  ns  of 
flues  or  ducts  for  that  purpose. 


The  third  and  roost  approved  method  ip.  hi-^  means  of  a 
fan  or  hlower,  which  sets  the  air  in  circulation  and  controls 
its  distrihution* 

-ICE  PI^U'T?- 

The  apparatus  used  in  thf;'  can  system  consists  of  a 
large  rectan^ulo-r  wood  or  iron  tank  containing  the  expansion 
coils  or  pipes,     rjalvanised  iron  cans  are  placed  between  ex- 
pansion coils.     These  cans  are  filled  with  distilled  v/ater, 
and  when  the  hrine  is  chilled  below  the  freezing  point,  the 
water  in  the  cans  freese.    If  the  tei^iperature  of  the  brine  is 
not  allowed  tc  fall  below         and  ordinar;?-  v.'ell  water  is  used 
in  the  cans,  the  ice  produced  v-111  be  conparativel^r  clear  on 
the  outside  and  somev/hat  granulated  in  the  center.     If,  however, 
the  brine  te2:npe:-ature  is  allowed  to  fall  about  to  15°  the  ice 
v/ill  be  entirely  opaque. 

To  get  good,  clear  ice,  distilled  water  is  used.  This 
niakes  a  bright,  Gl«'.ar  ice,  with  ':he  exception  of  a  snail  core 
or  feather  in  the  center.     It  is  necessary  to  ha.ve  a  good 
distilling  apparatus. 

The  distilled  water  is  usually  roe.de  by  condensing  the 
exhaust  steain  of  the  engine  operating  the  compressor  in  case  of 

a  compression  plant,  or  by  cooling  the  condensed  steam  that 

leaves  the  generator. 

Ordinarily  the  steam  required  by  a  first-class  machine 

of  either  kind  is  considerably  less  i.i  weight  than  the  amount 
of  ice  that  the  me.chine  can  make  iii  a  given  time.     It  is  there- 
fore necessary  to  draw  live  steam  f^or.  the  boiler  and  condense 


it,  in  order  to  nake  up  the  deficiency.     It  fojJ,ov;s  fron  this 
that  the  economy  of  the  plant  depends  entirely  upon  the 
econoirji'"  of  the  boiler. 

Ice  taiiks  are  usually  made  of  steel,  thou£jh  in  some 
plants  v.-ood  is  used.     Steel  tanks  should  be  nade  of  t  ^-^oh 
steel  for  tanks  7>  feet  or  more  in  depth.     Tne  tank  should  "be 
properly  braced  and  reinforced  and  have  an  angle  iron  riii 
puncjied  for  bolt-holes  around  the  top,  so  that  the  g^ratin^j  can 
be  securely  attached  thereto. 

Expansion  coils  should  be  of  extra  heavy  pipe  and 
should  run  the  fiill  length  of  the  tank,  one  coil  between  each 
row  of  cans; 

The  coils  should  be  continuously  v/elded  throughout 
their  lengths  v/ith  toils  carried  through  .the  end  of  the  tank, 
stuffing-boxes  being  provided  on  the  tank  to  pievent  brine 
leakage.     The  coils  are  usually  strapped  in  STic?a  a  manner  as  to 
permit  the  grating  to  be  supported  by  the  straps.     There  should 
be  100  squa2re  fe^^t  of  coil  surface  for  each  ten  of  ice  rjp.de. 
Each  coil  should  be  provided  at  its  inlet  witli  an  expansion 
valve  and  the  oiitlet  should  be  provided  v.lth  a  stop-valve. 

The  brine  tank,  should  be  set  on  a  brick  foundation. 
On  top  of  this  foimdation,  the  insulation  for  the  bottom  of 
the  brine  tank  is  built  in  the  form  of  a  floor.     The  best  thing 
to  use  for  the  filling  between  the  joists  is  granule.ted  cork, 
but  this  is  very  expensive,  and  planing  mill  shavings  are  often 
used  instead.     Care  should  be  taken  not  to  use  sawdust,  owiag 
to  the  possibility  of  spontaneous  combustion  in  case  it  becomes 


danipened,         "because  of  its  avidity  for  iioistnre.    A  v.'e?.! 
insiilp.ted  hrine  tank  consiats  of  the  min  joistf?  resting  on 
the  foundation,  two  air  sx)aces,  and  one  half  to  one  inch 
pitch,  in  Avriich  the  hrine  tank  is  "bedded. 

The  insulated  cover  of  the  "brine  tank  need  not  "be  as 
heavily  insiile.ted  a3  the  loottora  and  Ridet^. 

Ice  plants  are  usually  provided  v.lth  ha.nd  cranes  of 
the  traveling-  type.        crane  of  this  kind  consists  of  a  ?.ip:ht 
channel  iron  frane  on  rhich  moves  a  four  v.'heel  trolley  provided 
with  a  geared  hoist.     On  the  drum  of  the  hoist  is  run  a  rope 
or  chain  and  to  this  is  fastened  a  can  latch.     The  latches  are 
provided  vii-fh  hooks  on  the  uiider  side;  these  hooks  engage  into 
the  holes  in  the  sides  of  the  can,  so  when  the  ends  of  the 
latches  arc  noved  the  hooks  disen^a^e  and  the  can  releases. 

After  the  ice  is  dumped  out  of  the  can,  the  la^^ter  is 
brought  bfick  to  its  original  place  in  the  tank.     It  is  necessary 
to  refill  it  with  water  for  freezing.     :?his  accomplished  hy 
•moans  of  the  distilled  water  system,  and  to  thir^  hose  the  can 
filler  is  attached. 

After  th'-'  can  is  placed  in  its  position  in  the  ioe 
tank,  the  CMn  .0.  ller  is  inserted  and  a  tri^-er  with  which  it  is 
provided  is  pulled.     This  starts  the  -ater  r^innlnQ  into  the  can. 
VThen  the  water  has  reached  the  desired  level  in  the  can,  a  hall 
float  strikes  the  trigger  and  shuts  off  the  water  supply.  In 
this  manner,  any  number  of  ice  cans  may  be  filled,  the 
operation  requiring  little  attention.    All  the  cj^ns  are  filled 
to  exactly  the  same  level. 


The  walkB  of  the  ice  storage  should  be  fiirred  out 
to  a  distance  of  6  or  8  inches  v/ith  slats  on  the  furring  pieces 

to  prevent  the  ice  from  coning  into  contact  v/ith  the  warm 
v:alks.     [Dhese  rooms  should  be  kept  at  a  temperatiire  of  about 

0 

28  ,  no  lower  temperature  being  advisable,  o..s  the  ice  is  then 
liable  tc  chec'r  or  honey-comb.     The  ice  should  be  set  on  end 
v;ith  a  space  of  about  one  half  inch  left  between  the  cakes, 
and  slate  or  boards  should  be  placed  over  the  first  layer  before 
the  second  is  plaGr;d. 

The  temperature  of  the  ice  storage  room  should  not 
be  allowed  to  exceed  ,  as  the  ice  is  then  liable  to  melt, 
and  if  this,  happens,  the  cakes  will  fre- se  together  when  the 
room  cools  down  again  and  it  will  be  necessary  to  ouari^'-  out 
t]ie  ice, 

General  Calculations  for  Ice  Plant. 

The  plant  is  to  have  a  capacity  of  100  tons  of  ice 
during  each  48  hours,  containing  1000  cans,  the  ice  in  each  can 
weighing  200  lbs.,  condensing  water  taken  at  70^,  Fah. 

Ice  mp.chines  using  ammonia  at  about  190  lbs.,  per  sq.  , 
in.  .above  atmospheric  condensing  pressure  and  15  lbs.,  F;uction 
pressur  e. 

Under  the  siuii-ior  conditions  with  condensing  water 
at  70^  F.,  the  compression  me-chine  operates  with  190  lbs., 
gua^-e  condenser  pressure  tnd.  15  lbs.,  guage  suct--on  pressure. 
In  this  type  of  machine  the  useful  circulation,  allowing  for 
cylinder  heating,  is  about  1?.  lbs.,  of  amrionia  per  hour  indi- 


cated  steam  ezirrine,  hor«e  povrer.     This  weight  of  arT:onia  v-ill 
prodiice  7^?.  of  ioe  at  15^  F.  ,  frora  water  at  vo°  , 

In  order  to  oorapensate  for  losses  of  Bteara  fron  the 
boiler  leaks,  etc.,  the  quantit;^  of  stean  reqiiired  if?  taken  at 
ZZfo  in  excess  of  that  theoraticall^  required  to  protli^ce  the 
ice.     The  total  stean  v^er  horse -power  vlll  therefore  be 
32  X  1»7)'6  -  43  lbs.     If  yre  assume  an  evaporation  of  8-^-  lbs.,  of 
water  per  pound  of  coal, the  anount  of  ice  produced  per  one 
pound  of  cosil  v^/ould  be  5  lbs.     If  for  every  ton  of  ice  nede, 
400  lbs.,  of  v/ater  are  wasted  bj-  loaka^es.  2400  lbs  vill  have 
to  be  distilled  for  mking  one  ton  of  ice.     If  3-^  indicated 
horse-pov/er,  is  required  per  ton  of  ice  nade  par  24  hours  thou/rh 
it  takes  48  hoiirs  to  freese,  then  1  3/4  horse-power  will  be 
required  per  ton  of  ice.     For  100  tons  of  ice  per  48  hours  the 
plant  will  require  a  175  horse-power  coEipressor. 

Using  the  "York  and  3t.  Glair"  corapound  ice  mchines 
rated  at  50  to  55  tons  per  24  hours,  a  225  H.  P.  boiler  is 
needed  with  a  grate  area  of  75  sq.  ,  ft.,  requiring  a  chirane- 
43  in.  ,  in  diaraeter  and  75  feet  high. 

Th.-.re  is  175,00  cubic  ft.,  of  ice  storage  to  be  kept 
at  10    F.  ,    One  running  foot  of  two  inch  pipe  will  suffice  for 
10  cu.,  ft.,  of  space  with  brine  circulation,  thus  requiring 
1750  running  feet  o.f  two  inch  pipe.  250  f^et  of  2"  pipe  is 
required  for  freezing  per  ton  of  ice  e^erv  24  hmirs,  or  175  feet 
per  ton  everjr  48  hours,  thus  requiring  17500  fert  of  two  inch 
pipe. 

The  temperature  of  cold  roons  are  to  be  kept  at 


32    to  35  ,  this  x:±ll  reri^uire  1  riinnin^^  foot  of  ?/'  pipe  per 
each  20  cu, ,  ft,, of  space  irt  cold  rooris.     There  heJ.ng  a  total 
of  333,090  cu.  ft.,  of  storace  rooras,  16,655  feet  of  H  inch 
pipe  v/ill  be  reciiiired,  this  (rising  a  total  of  35,905  nmnizi^ 
feet  of  tv:o  inch  pipe. 


Chimne7  43  inche«  in  dianeter,  75  fe'-^t  high. 
Grate  area  75  sq. ,  ft.. 
Boilers  H.  P.  2Z5 

Gornpressiire  H.  ?.  1'''5. 

Ice  Ilaking  rnnnin^  fert  of  E'*  pipe  17500 

10°  storai-e          "            "      "    "     "  1750 

32°      "                 "            "      "     "  16655 

Total  35905 
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